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Why particle ID?

Example 1: B factories

i Without PID . e .
x 10 Particle identification reduces the
1500 1 fraction of wrong Kr combinations

(combinatorial background) by ~5x
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Particle identification at B factories (Belle and BaBar): was essential for the
observation of CP violation in the B meson system.
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Why particle ID?

o™
3) .
3 o Example 2: LHCb
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Need to distinguish By=> =t from other similar topology 2-body decays and
to distinguish B from anti-B using K tag.

Feb. 27, 2020 INSTR20 Peter Krizan, Ljubljana



Why particle ID?

Without PID

10000

Example 3: HERA-B, the inclusive ¢ > K*K
decay only becomes visible after particle
identification is taken into account.

8000 |
6000
4000

2000 |

098 090 T o1 Toz T05 1od 105 106 107 PID IS aISO needed |n

kaon - kaon invariant mass ( GeV/c”)

With PID

250 +

*General purpose LHC experiments: final
states with electrons and muons

5% T fuke
200 ¢

150 F

*Searches for exotic states of matter (quark-
gluon plasma)

100

O>KHK

50

398 .99 I 101 102 103 }.L'M !.;’)5 106 1.07
kaon - kaon invariant mass { GeV/e? )

K*K- invariant mass (GeV) *Spectroscopy and searches for exotic

hadronic states

*Studies of fragmentation functions
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Example: Belle S

u and K; detection system

(14/15 layers RPC+Fe) Aerogel Cherenkov Counter
B 4@ (n=1.015-1.030)

3

Electromag. Cal.
(CslI crystals, 16X,)

Central Drift Chamber
(small cells, He/C,H)

ToF counter
1.5T SC solenoid
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Particle identification systems in Belle [S¥aw

OELLE

u and K, detection system
(14/15 layers RPC+Fe) Aerogel Cherenkov Counter

(n=1.015-1.030)

Sy

Electromag. Cal.
(CsI crystals, 16X,)

“Central Drift Chamber
(small cells, He/C,H;)

ToF counter

1.5T SC solenoid
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Particle identification methods depend on the

requirements (physics channel, kinematics)
Example: B factory, pion/kaon separation

=00 : Tagging Kaons Tagging Kaons
&op E
400 Relatively soft,
200 = ms dominated
T I AT I A i
0 bbb for tracking

Koot Momentum GeV/ o

200 B —>nan
150 B—mm
100 Requires
50 dedicated PID
L1 1 & | 11 11 | L1 1 1 | 1 L1 I L1 11 I L1 1 1 I L1l | I L1 11 LIl I Li11
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200
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PID coverage of kaon/pion spectra in Belle

Feb. 27, 2020
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Efficiency and purity in particle identification
Efficiency and purity are tightly coupled!

Two examples:

particle type 1 type 2 efficiency vs fake probability
(for Gaussian distributions)
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Identification of charged particles

Particles (e, u, «, K, p) in the final state are identified by their mass or by
the way they interact.

Determination of mass: from the relation between momentum and
velocity, p=ymv (p is known - radius of curvature in the magnetic field)

—->Measure velocity by:

o time of flight

e jonisation losses dE/dx

e Cherenkov photon angle (and/or yield)

e transition radiation

Mainly used for the identification of hadrons.

Identification through interaction: electrons and muons
* muon systems
e calorimeters

Feb. 27, 2020 INSTR20 Peter Krizan, Ljubljana



Identification of charged particles

Particles (e, u, «, K, p) in the final state are identified by their mass or by
the way they interact.

Determination of mass: from the relation between momentum and
velocity, p=ymv (p is known - radius of curvature in magnetic field)

—->Measure velocity by:
o time of flight
e Qnisaticn=te
e Cherenkov photon angle (and/or yield
e transitiON Tadratio

Mainly used for the identification of hadrons.

Identification through interaction: electrons and muons
* muon systems
e calorimeters
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Cherenkov radiation

A charged track with velocity v=Bc exceeding the speed of light ¢/nin a
medium with refractive index n emits polarized light at a characteristic
(Cherenkov) angle (for B > 1/n - above threshold)

cosO = c/nv = 1/Bn

vt

The number of Cherenkov photons emitted over unit photon energy E=hv in

a radiator of length L:

N _ @) 6?0 = 370(cm)™ (eV)"' Lsin’ 0
dE #c

—->Few detected photons
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Measuring the Cherenkov angle

Particles above threshold: measure 6

aerogel

Cherenkov photons. —:_’;

particle
}

‘_“:‘“3;
N

Qa 20 cm photon detector

Proximity focusing RICH

RICH with a 1

focusing mirror

Feb. 27, 2020

v coordinate (cm)

INSTR20

Idea: transform the
direction into a coordinate =
ring on the detection plane

- Ring Imaging Cherenkov
(RICH) counter

Cerenkov angle

velocity



Cherenkov angle (mrad)

Feb. 27,

Measuring Cherenkov angle

P cp L s e

0 20 30 40 50 60 70
T particle momentum (GeV/c)
K p
thresholds INSTR20

Radiator:
C,Fi0 gas
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Resolution of a RICH counter

Cherenkov angle {mrad)

Determined by: :

particle momentum (GeV/c)

ePhoton impact point resolution (~photon detector granularity)

eEmission point uncertainty (not in a focusing RICH)

. . aerogel photon detector
eDispersion: 1/p = n(\) coso
eErrors of the Optical system Cherenkov photons‘,.-g—
eUncertainty in track parameters
oo .l "'charged particle

_ single photon )

Resolution per track: / racolution
_ 0Oy R~
Otrack = N
Pe " # of detected 2 cm 20 cm
photons

(in the case of low background)
Feb. 27, 2020 INSTR20 Peter Krizan, Ljubljana



Photon detection in RICH counters

RICH counter: measure photon impact point on the photon
detector surface

- detection of single photons with

o sufficient spatial resolution

e high efficiency and good signal-to-noise ratio (few photons!)
e over a large area (square meters)

- & Special requirements:

S | . e

s ot e Operation in magnetic field
5% 30;— . ’

e High rate capability
e Very high spatial resolution

20 F

10 F

o e Excellent timing (time-of-arrival
ko : information)
Photon detector is the most crucial

P e w nsTroo | €1€ment of @ RICH counter

ordinate (cm)




Cherenkov counters in LHC-like environments

Operation at high rates (~1 MHz/cm?) over extended running periods (years)
- Need vacuum based photon detectors (e.g. PMTs)

Good spacial resolution (pads with ~5 mm size) - Solution: multianode
PMTs (MaPMTs) and hybrid photodetectors (HPDs)



Multianode PMTs

=M (Photo Cathode)

Multianode PMTs
(MaPMTs) with metal foil
dynodes and 2x2, 4x4 or
8x8 anodes Hamamatsu
R5900 (and follow up
types 7600, 8500)

BT EMEER (Dynode)

, U G G
VY o o
- Van G

..__
iy
=
S

12000 BI°Y - v single photon

—~>Excellent single photon pulse height pulse height

spectrum

10000

number of events

8000

6000 HV=-900

—>Low noise (few Hz/ch)

4000

2000

—>Low cross-talk (<1%) o B e )
9 NIM A394 (1997) 27 putlse height (channels ADI&‘)




HERA-B RICH

Photon
Detectn7

Photon detector requirements:
eHigh QE over ~3m?

eRates ~1MHz

eLong term stability

100 m3 of C,F,,
~1 ton of gas

Spherical Mirrors

Phutm\
Detectors

Planar Mirrors




HERA

¢ Il HERA-B RICH photon detector

Light collection system (imaging!) to:

-Eliminate dead areas

-Adapt the pad size

Field lens, 35 mm x 35 mm
: Condensor lens
diameter 32 mm

PMT active area
18 mm x 18 mm

-A similar set-up also employed in the COMPASS RICH (quartz lenses)
Feb. 27, 2020 INSTR20 Peter Krizan, Ljubljana



"~ HERA-B RICH

& Little noise, ~30 photons
per ring

Typical event >

Worked very well!

~_ 60 I
3 2 T PR S g
& E5 L = — £ e
g B 'S 08|
2 5p | o '8 i - +
20 _
§ 45} i '8 0.6 |- ! kaons
a § ® ; v
B & s . O  pions *
8 04 -
X B -9 -
= old X 0zl
5y l : O _wwmmTTrﬁﬁ'nTCDﬁtﬂﬁd.Wp???l NI e
20 Lt . . . . . . 0 10 20 30 40 50 60 70
0 10 20 30 40 50 60 70 =
particle momentum (GeV/c) D(GG‘V/ C)

Kaon efficiency and
Feb. 27, 2020 INSTR20 pion fake probability  Ljubljana



Cherenkov angle (mrad)

Kinematic range of a RICH counter

Example: kinematic range for
kaon/pion separation

30

25

04 10 20 30 40 50 60 70

particle momentum (GeV/c)

Kinematic range for separation of two particle types:
el ower limit p,,,: sufficiently above lighter particle threshold

eUpper limit p,.,: given by Cherenkov angle resolution — overlap
of the two bands

Rule of thumb: p,../ Pmin < 10
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RICHes with several radiators

Extending the kinematic range - need more than one radiator
e DELPHI at LEP, SLD at SLC (liquid +gas)

e HERMES at HERA (aerogel+gas)
T photon

detector
plane

Charged
particle
aerogel

Feb. 27, 2020 INSTR20 Peter Krizan, Ljubljana



The LHCb RICH counters

BEAT, HeAb Mg M5 250 mrad
SPD/PS M3
RICH2 M| M2
T3
T2
Tl
10 mrad
L] | |
2 Ff5 _ﬁ
Vertex Trigger: PID: Kinematics:
reconstruction: Muon Chambers RICHes Magnet
VELO Calorimeters Calorimeters Tracker
Tracker Muon Chambers Calorimeters

Feb. 27, 2020 INSTR20 - Talk by Antonios Papanestis



LHCb RICHes

Need:
Particle identification for momentum range ~2-100 GeV/c

eGranularity 2.5x2.5mm?
eLarge area (2.8m2) with high active area fraction

eFast compared to the 25ns bunch crossing time

. - 0 max
eHave to operate in a small B field 250 | e 242 mrad
- ' Aerogel
200:
-3 radiators
eAerogel |
'C4F10 gas < 100 —
I C4F1p0as
oCF4 gas ool e Y 53 mrad
I e 32 mrad
: ?K’ CF, gas

1 10 100
Feb. 27, 2020 INSTR20 Momentum (BR@icKrizan, Ljubljana



LHCb RICHes

Mirror Support Panel

Magnetic ~ . .
Shield o . > Spherical Mirror
Deteciors Support Structure
250 ™%
Lo - Spherical
e - = Mirror
o C4F10 —
& eam pipe
ot I Pt
VELO exit window [ Track
Plane
Mirror

Central Tube
Photon funnel+Shielding
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LHCb RICHes

Photon detector: hybrid PMT (R+D with DEP) with 5x demagnification
(electrostatic focusing).

Hybrid PMT: accelerate photoelectrons in electric field (~20kV), detect them
in a pixelated silicon detector.

Si pixel array
(1024 elements)

\ Ceramic carrier

Photocathode EREE I:—?-::3'_3::-';-:-:3:'-:3:353&3:3:-‘-
(-20kv)
VACUUM :
/ 5' :‘;J‘A-‘

Electrode NIM A553 (2005) 333
B Solder J \
\ I
chip

hl N ] _ /)
Optical input CERN/EP-TA2

g v s
window Peter Krizan, Ljubljana



Single event
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Performance of LHCb RICHes
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LHCb RICHes: performance
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“Search for CP violation in AY — pK~ and A) — pm~ decays”
[LHCb-PAPER-2018-025]
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LHCb Upgrade (well under way)

O New photon detectors: MaPMTs Hamamatsu
R13743 (H12700) and R13742 (R11265)

O New electronics working at 40 MHz readout rate

O New optics layout for RICH 1

y (mm)

1500

1000

500

b |

2 onm) INSTR20 - Talk by Antonios Papanestis

1000



Future LHCb Upgrade

Q Provide PID at p-p luminosity of 1034 cm= s in the
forward region

Magnetic Shield N ow

~

~ 0
\ D{‘
Focal Plane
b
A"
\ Lightweight CF

| spher. mirrors

-~
\ Lightweight CF

spher. mirrors
L

T

31.'.!.. .
)f Lz

Flat Mirror

Feb. 27, 2020

d Incremental improvements in:

» Improve Cherenkov angle resolution
> More photons in the green - lower

chromatic error

» Reduced event complexity with timing
» Enhanced number of photons

Radiator CiFig CF,4
Detector Version RICH 1 RICH1 RICH1 |RICH2 RICH?2
Current (HPD) UPGI UuPG2 UrPGl UPG2
Average Photoelectron Yield 30 40 60-30 22 30
Single Photon Errors (mrad)
Chromatic 0.84 0.58  0.24-0.12 0.31 0.1
Pixel 0.9 0.44 0.15 0.20 0.07
Emission Point 0.8 0.37 0.1 0.27 0.05
Overall 1.47 0.82 0.3-0.2 0.46 0.13

INSTR20

Peter Krizan, Ljubljana




NA62 RICH

Momentum range 15-35 GeV/c

17m long, 200m?3 cylindrical vacuum proof tank with Neon radiator

Photon detectors: 2000 PMTs (16mm, 8mm active, with Winstone cone light guides)
Mirror alignment ~30 urad

Single photon resolution: ~140 prad

Operational since 2014

cooooo

2 x~1000 PMTs
‘ Mirror Mosaic (17m focal length)

Beam Pipe

Vessel: ~17 m long

Feb. 27, 2020 INSTR20 - Talk by Matteo Turisini



—m— H1Z700

RICH with CO, radiator

MaPMTs: Hamamatsu H12700

Cylindrical photon detection surface
Extensive testing of MaPMTs for radiation
damage

Up to 1000 tracks per event

Momentum up to 8 GeV/c

Pion suppression factor ~5000 (with TRD)

o0 0000

Ring-track matching

o OF

5 ...,

Track projection

Photodetector plane

111 fomsTts gl =
L .1'
' ) < T,

RICH'

4
e
A — U

A

Feb. 27, 2020 INSTR20 Peter Krizan, Ljubljana



Endcap: proximity focusing RICH

Feb. 27, 2020 INSTR20 Peter Krizan, Ljubljana
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ra=4 Endcap: Proximity focusing RICH

K/m separation at 4 GeV/c:
0.(r) ~ 308 mrad (n = 1.05)
0.(n)— 6,(K) ~ 23 mrad

1 hoton detect :
gy PR For single photons: 86.(meas.)=c, ~ 14
mrad,
Cherenkov photons, . + Zh typical value for a 20mm thick radiator and
IR o 6mm PMT pad size
::‘E'::" charged particle -
.................. Per track: Oy
'ur.::-. ..... GtraCk o N
Ta, H pe
Separation: [0.(7)—06.(K)]/Girack
2 cm 20 cm

— 5o separation with N,.~10

Feb. 27, 2020 IN¢



>
wamd  Radiator with multiple refractive indices

OHELLE

Small number of photons from aerogel - need a thick layer of aerogel.
How to improve the resolution by keeping the same number of photons?

- stack two tiles with different refractive indices:

normal “focusing” configuration
n1= nz n1< n2
Iy

Iy

- focusing radiator

Feb. 27, 2020 INSTR20 Peter Krizan, Ljubljana
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= - X'/ ndf 2467. /7 16| S
6000 Pl 5495. S 04 F
P2 02965 |
i . . P3 0.2072E-01
0.2
4cm aerogel single index | P4 85.32
4000 - Ps 796.0
Ny | N2 ny=nNy 0
/ nf=7.69
2000 F -0.2
L
I~
-0.4
0 il el BT T R S T SR N1
] 0.1 0.2 3 4 05 -4 -(1.2 0 0.2 4
0 (rad) tx(rad)
theta cerenkov ring in cerenkov space
= s F X/ ndf 1095. /16| I
- PI ﬂ 7280 | %
- P2 0.3074
2+2cm aerogel m P3
i P4 74.49
P5 884.4
nq | N2 ny<ny,
4000
L nf=7.46
= woo b nb=10.83 -
0[.\' ..... lllLl\N [
0 0.1 0.2 0.3 04 0.5 -0.4 -0.2 0 0.2 0.4
0 (rad) tx(rad)

—->NIM A548 (2005) 383, NIMA 565 (2006) 457 4x4 array of flat pannel MAPMTs



Radiator with multiple
refractive indices 2

Such a configuration is only possible with aerogel (a form of Si Oy) — material
with a tunable refractive index between 1.01 and 1.07. -

ny | Na n{<ny

N\

secondary globule

~50nm at maximum Crysialiography and X-Ray Diffraction Laboratary,
Institute of Sclance of Matertals Bancelons

!
Si
o0 "
4 \51’0 silica globule (SIO2)n
“o’

Requires aerogel with high transparency

EGO

£ @400nm

Z 50

o % target '::';‘;gif,,,,l‘_,

g e

a s target

g 20

c

©

= 10 ) /
e Detector plane covered with 2 x 124
1.0400 1.0450 1.0500 1.0550

Refractive indexme_ INSTR20 tiles water-jet cut tiles (~ 17x17cm)
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Sensor: Hybrid APD - HAPD

The big eye of ARICH — 420 HAPDs

Multialkali :
photocathode\
IR
-10kV
15~25mm
Pixel APD

Feb. 27, 2020 INSTR20
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HAPD R&D project in
collaboration with HPK.
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Reasonable agreement with MC
expectations — but still room for
improvement.
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PANDA Forward RICH

Focusing 2-layer aerogel configuration

Cluster & Solencid Muon Dipole Dipole Muon Range Luminosity

Radiator configuration
1-st layer: n=1.0526, t=2cm ™
2-nd layer: n=1.0500, t=2cm Barel

MVD STT Barrel GEM FE Disk FwdTrk Fwd Fwd Fwd

DIRC & ToF

Aerogel radiator

* Focusing 2- or 3-layer aerogel

* n=1.05
* 3x1m?2area

* 40 mm thickness

Forward RICH det
exné

' DIRICH FEE (GSI)
' *» Designed for H12700 readout '
* 12x32ch preamp+disc+TDC

= S

Pellet Target Magnet Chambers Magnet  ToF System Detector

S [‘r.%?*[ﬂ—rl_g i |
SOIRENR
0

EMC I&Il EMC DIRC I1&1Il RICH ToF Shashlyk

L | 52/ nat 27.13/16
3k | Noe 22.36+0.75
| R 202.6 +0.1

[ | SigmaR 2.976 £ 0.095
[ | Bkor 0.00207 + 0.00038

Mirrors

* Flat

* 2 mm float glass
* AI+SiO, coating

i ———

190 195 200 205
R. mm

Photon Detector

H12700 MaPMTs (Hamamatsu), 1400 pcs
» flat panel

* 87% active/total area ratio

* 8x8 anode pixels of 6mm size

Test beam results in
good agreement with
MC expecteations

|

- Talk by S. Kononov



DIRC (@BaBar) - detector of internally
reflected Cherenkov light |

Support tube (Al) - ! .
PMT + Base
~11,000
PMT's

Quartz Barbox - -

Compensating coil

Assembly flange
Water

Standoff box

Light
Catcher *

I"n.

Al

17.25 mm Ar
(35.00 mm rAd)

Bar Box
Track /
Trajectory ]

Wedge
)/ | PMT Plane/ﬁ \
_--T8 Water \
= /
£ Stand off Box (SOB
7 ! P (SOB)
A , —91 mm-— 10mm
|—3m N\ 1.17m -

4 x 1.225 m Bars
Feb. 27, 2020 glued end-to-end



DIRC performance

80 N R — — T
: BaBAr | € Lots of photons!
60 :_ e Data (di-muon tracks) I
—— Monte Carlo Simulation
%* 10 |- 1 Excellent n/K separation
p} 1 - T T T
L 8 C
20 - 4 0 09F
W 9 B
£ 0.8 F
ol | | | H 07 E
1 0.5 0 05 ;1 E .
< 0.6
cos(9, . ) N
he 8 BEE:
2 0.2 :h _z
% 0.1 - = g
= e s
R T s .o i S BT
NIM A553 (2005) 317 1 2 3

Momentum (GeV/c)

First in a series of very interesting PID devices >




Hadron PID in the Belle II Detector

KL and muon detector:

Resistive Plate Counter (barrel outer layers)
Scintillator + WLSF + MPPC (end-caps ,
er 2 barrel layers)

B

—

~ '

EM Calorimeter:
CsI(TI), waveform samplii
Pure CsI (part of end-cap

N
\\\\\ ||
\ 77‘“\_1}:’; - . -
ification

7

L1 C
electrons (7GeV % EE gation counter (barrel)
: #RIOX: TO J Aerogel RICH (fwd)
Beryllium beam pipe

) -l '
2cm diameter -

A ~ 31 T Y/
"I// o ,' —— 7j’ S —— -
| ) L/ A
Vertex Detector //// — /

2 layers DEPFET + 4 laye %a

\. &

positrons (4GeV)

-

-

Central Drift Chambe
He(50%):CoHs(50%), small cells, lohg
lever arm, fast electronics

bljana



D
Belle II Cherenkov detectors | =2t B CR

200mm

oV P\"om“

—| Barrel PID: Time of Propagation Counter (TOP) crere™

Focus mirror
MCP-PMT (sphere, r=7000) \

Backward Qua rtz radiator Forward _
Focusing mirror Aerogel radiator

Small expansion block n~1.05

Hamamatsu MCP-PMT (measure t, x and y) Hamamatsu HAPD
+ new ASIC

[\

5 55 55 55 55 5

LN L N VY W W W W O | | [2980) Loy ) j s SS S SSS YW N N
. "80 5 \."" T | | I. [ | | T 2870 I_i'_ull III,-r 7 77 777 o 7 ":"j
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z:' .l‘:'*. .l::\__ __.:3'-__ _:‘5\ _.I:'-, .Il. I. _I'; ._". I'. | II | | [ ,I / :'. I ."._ .':._ L C ).f _.<':.___ _,-":__ .."::__ .."z-.__ o o ..-"'K Y # N, /‘,‘-. .-"\._‘__. "*:._ p "':._ /

N e R T e

SN . \ \ 1

: lirigzr-| T || TOF support bracket ', TOP QBB{Quartz bar box) d |

muwﬂ\bﬁ ."-‘ém' b 227min. /_800max. 1 1590 g%

. 20) / 1000 1650 vt

. I,' coc j.:‘_____.......:.-

IDS{Inner detector support) and COC-SC{Support cylinder):t ’
,.LE:.% -
I |
| [ B
.I.E,.--'
E-
I
Hamamatsu HAPD + readout
2 = =
Eﬁ'llll = 1 ) "ﬂ-.___‘_,.:'-d.'ff I|I ® 200
| x‘?_z’ =
— — 1 — — — — L | — — — — X
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Belle IT Barrel PID: Time of propagation (TOP) counter

Korm

2700mm -

Quartz bar

Photon
detector

o Cherenkov ring imaging with

o Reconstruct Cherenkov angle from two hit coordinates and the time of
propagation of the photon

— Quartz radiator (2cm thick)
— Photon detector (MCP-PMT)
e Excellent time resolution ~ 40 ps

e Single photon sensitivity at 1.5 T - Talk by Vasily Shebalin



MCP PMTs for a very fast timing

photo-electron

photon

photocathode
photo-electron
dual MCP
anode
E i .
S e ool Micro-channel plate PMTs:

Single photon resolution: typically 20ps — 40ps

o~ 37ps

TDC [1bin=25ps]

See also the review talk by J. Va'vra Peter Krizan, Ljubljana



TOP Waveform sampling readout
S‘EiDPEF{

. . .:§:=:‘:H|

Waveform 64 DAQ fiber COPPER

. . . H Criga—bit Fiber o INESSE |
SEIH"I[]III“IE 'ﬂ‘SIC transceivers Transceiver Links - :}:

Subdetecior Readout Module

ARICs

Global Decision Logic 32 FINESSE

8 COPPER
UT3
Timing Distribution Trl ggE‘ r
lule
Clock jitter noauie
cleaners AN
16
FTSW clock, FTSW
trigger,
programming

> Talk by Vasily Shebalin




10 and kaon hitting a quartz bar

TOP image reconstruction

Pattern in the coordinate-time space (‘ring”) of a pion

o} Time distribution of signals recorded by one of the PMT
st channels (slice in x): different for = and K (~shifted in
time) 000
°f 000sf |
]
st @ -
S -
o 2R Patterns for = and K
| *§ 0_003;— |
f-% 000 - i | |
> & N f
- | 0.001 [~ IJ[ J ‘]ﬁ n
0-35'3}3".‘}5".'5'“‘6”"3“‘}21 ’(i,,,," 0 E \L :L,. ‘[f fk IE | ’

I 4000 6000

8000 10000 12000 14000 16000
time (ps)

The name of the game: analytic expressions for the 2D likelihood functions

>M. Stari¢ et al., NIMA A595 (2008) 252-255



Separation of kaons and pions

Pions vs kaons in TOP: Pions vs kaons:
different patterns in the time vs Expected PID efficiency and
PMT impact point coordinate misidentification probability. o
time RS RS ERARY LA EER D RN LR
e o g s I3 i K
ST A o .
oof ¥ I L
50 A : :
0.6_— =
40 : :
0.4 —
30 A : ]
201 0-2:_ _:
il b st sttt SR
0.5 1 1.5 2 25 3 3.5 4
0 100 200 300 400 500 momentum (GeV)

coordinate (channels)

Feb. 27, 2020 INSTR20 Peter Krizan, Ljubljana
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The early data demonstrated that the TOP principle is working
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LHCb PID upgrade: TORCH

A special type of Time-
of-Propagation counter
for the LHCb upgrade

ECAL HCAL

SPD/PS M3
RICH2 Mz

Feb. 27, 2020 INSTR20

-

AVAVAVAVAV

Track >

— TORCH area 5 x 6 m?2
— 18 module system
— |1 MCPs per module

Beam pipe

Peter Krizan, Ljubljana



Photodetector

(64~33) =,

s

wa=n80,00 7 | i 040rd
| e

Mirror

Focusing block 2 R=260

Photek)

Quartz plate

—_—
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Feb. 27, 2020

z (cm}
I i W ' E
3 T v
= o =
— — -
C e -
== e =
- —-— 3
E e K=K ALL>0 ey 3
E 0 K=K ALL>5 -o- pave
- =0 -
E o 1=K ALL>0 PO
E on—KALL>S I g™
- _._+  =0m=0="03
il - —()-—( = -
= - 3
C 0 3
E - = E
£ == 3
El e o b oo | | P R
0 5 10 15 20

momentum [GeV/c]

INSTR20

efficiency

Focusing block with light
sensors (MCP PMTs from

LHCb PID upgrade: TORCH

Expected performance
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Panda Disc DIRC

Radiator: fused silica 20 mm thick,
R=1m

/K separation up to 4 GeV/c

Focusing optics

Photon detector in ~1T field:

« 96 MCP PMTs with a highly
segmented anode, TofPET2
readout ASIC

mirrr prism
|-

FEL

ROM (side view)

\

Readout electronics Fused silica disc

Holding frame

- talk by Carsten Schwarz




PANDA DIRC counters

7 GeVicp
= 8 :
® 7 Example of
O ;
a = =g simulated kaon phase space
. . ﬁ 5
140° — | 220, 4
_A = e 3
. = = 2
p N I — — 5°
— —_— %
Y= | gr__—;:;_ ‘ )
e || | Particle
- A= = - - Solid Track Focusing
cotume: . LH | Radiator Uptics
=k ' '\'\ | Detector
Ilj," <1 Surface
Barrel DIRC Endcap Disc DIRC Mi 5 j'
irror /
Goal: 3 Sd TC/K Goal: 3 Sd TE/K Cherenkov Photon
separation up to separation up to Trajectories
3.5 GeV/c 4 GeV/c

Magnitude of photon angles
in radiator preserved

- talk by Carsten Schwarz



PANDA Barrel DIRC

Design: based on BABAR DIRC and SuperB FDIRC with key improvements
Barrel radius ~48 cm; expansion volume depth: 30 cm. e "

48 narrow radiator bars, synthetic fused silica
17 mm (T) X 93 mm (W) X 2400 mm (L), 8

Compact photon detector:

30 cm fused silica expansion volume
8192 channels of MCP-PMTs in ~1T B field

Focusing optics: spherical lens system

Fast photon detection:
fast TDC plus TOT electronics,

— 100-200 ps timing

- talk by Carsten Schwarz
- Single photon sensors: MCP PMTs, see talk by J. Va'vra

- One more DIRC: GlueX, talk ba J. Schwiening



SiPMs as photon detectors?

SiPM is an array of APDs operating in Geiger
mode. Characteristics:

« low operation voltage ~ 10-100 V

e gain ~ 10°
. peak PDE up to 65%(@400nm) " N

PDE = QE X € ;e X €,¢, (UP to 5x PMT!) v ({\\ 100U
¢ €00 dead space between the cells ° / / \\<

o time resolution ~ 100 ps

« works in high magnetic field

. dark counts ~ few 100 kHz/mm?
« radiation damage (p,n)

\ 050U
TN
X

20 /‘
|/ EENG: N
0 ~~

200 300 400 500 600 700 800 900 1000

PHOTON DETECTION EFFICIENCY (%)

WAVELENGTH (nm)

Not trivial to use in a RICH where we have to detect single photons!

Dark counts have single photon pulse heights (rate 0.1-1 MHz per mm?)

Feb. 27, 2020 INSTR20 Peter Krizan, Ljubljana



SiPM as photosensor for a RICH counter

Improve the signal to noise ratio:

eReduce the noise by a narrow (<10ns) time window (Cherenkov light is
prompt!)

eIncrease the number of signal hits per single sensor by using light
collectors (=improve signal-to-noise ratio)

E.g. light collector with reflective walls
or plastic light guide

SiPM

PCB

Feb. 27, 2020 S. Korpar et al., NIM A594 (2008) 13; NIM A613 (2010) 195



Next step: use arrays of SiPMs

Example: Hamamatsu MPPC S11834-3388DF
e 8x8 SiPM array, with 5x5 mm? SiPM channels
e Active area 3x3 mm?

ioh Ry

’ * |
PR TR— TR !‘ 4
i TEaeR! Eaal '

’ ¥ '
- \; sl o !1 Bt ﬂt

i — Hb__&i m&imk*ﬁs'-s.‘

Feb. 27, 2020 INSTR20 E. Tahirovic et al., NIM A787 (2015) 203



Digital SiPM

Digital SiPM (Philips): instead of an analog
sum of signals from all cells of a single
SiPM, use on board electronics for a digital
sum + time stamp

L
c

Square matrix 20x20 cm?

* Sensors: DPC3200-22-44

) * 3x3 modules = 6x6 tiles = 24x24

o dies = 48x48 pixels in total

* 576 time channels

* 2304 amplitude (position)
channels

* 4 |evels of FPGA readout: tiles,
modules, bus boards, test board

‘ .

- A.Y. Barnyakov et al., NIM A732 (2013) 352



SiPMs: Radiation damage

I Nakamura,

JPS meetlng, Sep. 2008

2000

800 “‘“""‘"f e .before irrad.

~ 3x102 n/cm?
5 1x10° n/cm?
600 s Y ¥
g '3x10° n/icm?
1x1010 nicmf

400 o ;r""'ri"'r' Y YT,
| . 3x1[}"° n/icmf
Mrwwwﬁr ol SanN Sl s rg(‘“"‘r e
1x10"" nfem{
200 E’”*f"f(ﬁmﬂrr“\(l’r’f“‘ﬁ’af“r‘"r e e (]
" x10" nicmt
HL .f,IWf( Wr;‘f]ﬁf m-lﬁ!r ’Hf"'fp‘ﬂ Y W’h‘i Fﬂﬂm r"?‘ Mf,\;rpf

8 . , ,

%o 500 1000 1500
Time (ns)

Expected fluence at 50/ab at Belle II:
2-20 1011 n cm2

- Worst than the lowest line

Single photon sensitivity required!

—->Need cooling of sensors and wave-form sampling readout electronics
—>Annealing?

... and more radiation resistant SiPMs...



107 -

Momentum

PID for the Electron lon Collider \QSI

e (ummm — p/A

- 10x100 GeV
Q2> 1 GeV2

w(h

Central tracker

I
)
b
Endca pGMt ke

:‘ |_.|—|

GEM
trackers

3.2m

(top view)

- talk by Jochen Schwiening

h-endcap: A RICH with two radiators (gas + aerogel) is
needed for
n/K separation up to ~50 GeV/c dRICH

e-endcap: A compact aerogel RICH which can be projective
/K separation up to ~10 GeV/c mRICH

barrel: A high-performance DIRC provides a compact and

cost-effective way to cover the area.
n/K separation up to ~6-7 GeV/c DIRC

TOF (and/or dE/dx in TPC): can cover lower momenta.

lens Sensor plane
1

Aerogel Air :
| :
100> :
e‘\ko P“O ___.__)_8___ : []
e X | Sensors:
Incident particlel .
! SiPMs
| :
. 1
f 1
) 11 cm



Wire chamber based photon detectors:

recent developments
Instead of MWPC:

eUse multiple GEM with semitransparent or reflective photocathode >
PHENIX RICH

eUse chambers with multiple thick GEM (THGEM) with transm. or refl.
photocathode (considered for the COMPASS RICH)

CsI photocathode / UV photon
\ o o & > Segmented
0 Amm] T — readout
~—o0.3mm ~ @ ——  electrode

THGEM T :/,
-

Ion damage of the photocathode: ions can be blocked

Feb. 27, 2020 INSTR20 —>talk by Shuddha Shankar Dasgupta



Identification of charged particles

Particles (e, u, «, K, p) in the final state are identified by their mass or by
the way they interact.

Determination of mass: from the relation between momentum and
velocity, p=ymv (p is known - radius of curvature in magnetic field)

e Cherenkov photon angle (and/or yield)
e transition radiation
Mainly used for the identification of hadrons.

Identification through interaction: electrons and muons
* muon systems
e calorimeters

Feb. 27, 2020 INSTR20 Peter Krizan, Ljubljana



Time-of-Flight (TOF) counters

Time difference between n and K:

Measure velocity by measuring the time
between

-- the interaction and

-- the passing of the particle through the
TOF counter.

t(kaon)-t(pion) (2m) [ps]

Traditionally: plastic scintillator + PMTs

Typical resolution: ~100 ps =>r/K
separation up to ~1GeV.

0.5 ] 1_5 2 2.5 3 3 5 4 4 5
momentum [GeV]

—> BESSIII

Feb. 27, 2020 INSTR20 Peter Krizan, Ljubljana
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Time-of-Flight (TOF) counters

Time difference between n and K:

Measure velocity by measuring the time
between the interaction and the passing of
the particle through the TOF counter.

Traditionally: plastic scintillator + PMTs

t(kaon)-t(pion) (2m) [ps]

Typical resolution: ~100 ps ->r/K sepration A G

To go beyond that: need faster detectors: .. . . . .0
—>use Cherenkov light (prompt) instead of o5 1 13 2 23 ;Omjnium‘;(;e‘j;
scintillations

—>use a fast gas detector (Multi gap RPC)

However: make sure you also know the
interaction time very precisely...

Feb. 27, 2020 INSTR20 - Talk by J. Va'vra



ALICE TOF

Very fast large area (140m?) particle T e,
detector: — T

- MRPC, multi-gap RPC

MS nylon screw to hold
fishing-line spacer

10 mm thick PCB with cathode
honeycomb pickup pads
panel

flat cable

o=50ps (incl. read-out)
n/K separation (3c) up to 2.5 aierental signal

sent from strip to

GeV/c at large track densities inferface card

0.55 mm thick
external glass
plates with
acrylic paint

0.4 mm thick
= = | internal glass
plates

PCB with
anode pickup
pads

5 gaps of 250
micron

Connector to bring
cathode signal to
central read-out PCB

PCB with cathode
pickup pads

A similar detector is considered for the TOF system of the
Feb. 27, 2020 Multi-purpose Detector at NICA - talk V. Babkin



TOF with Cherenkov light

Idea: detect Cherenkov light with a very fast photon detector (MCP PMT).

Cherenkov light is produced in a quartz plate in front of the MCP PMT and

in the PMT window.

\4

Cherenkov phg

from PMT window

Feb. 27, 2020

tons -

MCP-PMT
—>resolution ~5ps measured

oK. Inami NIMA 560 (2006) 303
oJ. Va'vra NIMA 595 (2008) 270

INSTR20

g 200 X{ndi

S
175

150

125

100

75

50

O 30 40 30 50 70
time [1bin=25ps]

Proof of principle: beamt test with
pions and protons at 2 GeV/c.

Open issues:
e read-out

« start time 3



Read out: for precise timing mitigate time walk

1220 =
& e —
L e e

— 1220700 150_ 200,250,
Variation of time determined with a leading edge discriminator: smaller
pulses give a delayed signal.-> Has to be corrected!

e Measure both time (TDC) and amplitude (ADC), correct time of arrival by

using a AT(ADC) correction T o e

[ T - v \‘
e Use constant fraction discriminator (CFD) - \ : / ~
o Wave-form sampling -> |T/pice!singlepe. signal [Buril -/
e.g. Labrador 3, M f,w \f
G. Varner, U Hawaii gn——E : LA t
\\\\\\\\mmn T, \/

INSTR20 - Talks by V. Shebalin and. J. Va'vra



Identification of charged particles

Particles (e, u, «, K, p) in the final state are identified by their mass or by
the way they interact.

Determination of mass: from the relation between momentum and
velocity, p=ymv (p is known - radius of curvature in magnetic field)

—->Measure velocity by:
o time of flight
e jonisation losses dE/dx

Identification through interaction: electrons and muons
* muon systems
e calorimeters

Feb. 27, 2020 INSTR20 Peter Krizan, Ljubljana



Transition radiation

E.M. radiation emitted by a charged particle at the boundary of two media
with different refractive indices

0.22
0.2
0.18
0.16
0.14
0.12
0.1
> < 0.08
0.06
0.04
0.02

oml v vl il il il
10 10? 10° 10 10°
Lorentz gamma factor

ity

° Pions
4+ Muons

o Electrons

h-threshold probabil

A

Emission rate depends on y (Lorentz factor): becomes important at y~1000

e Electrons at 0.5 GeV oot - e
e Pions above 140 GeV -

Emission probability per boundary ~a = 1/137 s | h
Emission angle ~1/y

Typical photon energy: ~10 keV > X rays )

lllllllll
0000000



Transition radiation - detection

Emission probability per boundary ~a = 1/137

- Need many boundaries

e Stacks of thin foils or

e Porous materials — foam with many boundaries of individual ‘bubbles’

Typical photon energy: ~10 keV = X rays

- Need a wire chamber with a high Z gas (Xe) in the gas mixture
(=large cross section for photoeffect of X rays)

Emission angle ~1/y
- Hits from TR photons along the charged particle direction

e Separation of X ray hits (high energy deposit on one place) against
jonisation losses (spread out along the track)

e Two thresholds: lower for ionisation losses, higher for X ray detection

Feb. 27, 2020 INSTR20 Peter Krizan, Ljubljana



Transition radiation - detection

Hits from TR photons along the charged particle direction

Separation of X ray hits (high energy deposit on one place) against ionisation
losses (spread out along the track)
Two thresholds: lower to remove noise, higher to separate X ray conversions
from ionisation by charged particles

e Small circles: between low and high threshold

(ionisation)

e Big circles: high threshold (X ray detection)

(pion below the TR threshold, e above)

ATLAS Transition
Radiator Tracker

Feb. 27, 2020

TRT<

SCT

R =122.5 mm|
Pixels { R = 88.5 mm
R =50.5 mm

(R =1082 mm

\_R = 554 mm
(R=514mm | ¥

R =443 mm
R =371 mm
R =299 mm

R=0mm1

Peter Krizan, Ljubljana



Transition radiation — new aspects

Extend PID beyond y=1000? Idea: detect TRD gamma rays in a Si pixel detector,
measure angle and energy. In the study by A. Romaniouk et al. it was 480um Si
bonded to the Timepix3 chip

Radiator-detector distance = 220 cm
.‘_

o[RS ... ;/"l ...... \ \_...‘_./ ..............

PID system

Maximum at:

An2e 9 2 P Multilayer radiator Helium filled pipe y & & &
= 5 —1/42. AL
(l](.d] + lgbd?)(l'l + lz)

Data %107 480 um 3x300 ,um
5 gl e v 2] (7]
[ = c . .
.g .g Timepix3 Si pixel setup
= =
[=8 [=8
14 14
—~ = E
&) - O —
= g = @
® 8 @ 2
i 5 % E
>_n zZ >_“ =z
I>~ I>‘
> >
x‘f-xpzmicle (cm) x‘l'xpamde (cm)
Figure 14: Relative position of identified TR photon clusters with respect to the particle

clusters for 20GeV /e electrons crossing the polypropylene radiator. Left panel: data.
Right panel: MC simulation.
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Summary

Particle identification is an essential part of several experiments, and has
contributed substantially to our present understanding of elementary
particles and their interactions. It will continue to have an important
impact in searches for new physics.

A large variety of techniques has been developed for different kinematic
regions and different particles.

New concepts and detectors are being studied = this is a very active area of
detector R+D.
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Back-up slides
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PID coverage of kaon/pion spectra in BaBar

Tagging Kaons

Tagging kKaons

1 I ||||||rl-|l|
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Photon detection efficiency

Quantum efficiency
100 ‘ 1
- ~|GaAsP|
{ GaAs
_A\ X
\ M‘ultialkali (S-20)
N Extended Red Multialkali (S-25)
- N
< N\
E \\ N InP/InGaA
nE/INGaAs
2 1\\ o
Y =
P ‘\
| S-1
| AN MY AED
\ N LN
()'1 100 200 300 }00 500 600 }00 800' 900

1000 1100 1200 1300 1400 1500 1600 1700

Wavelength (nm)
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Number of detected photons

Example: in 1m of air (n=1.00027) a track with =1 emits N=41
photons in the spectral range of visible light (AE ~ 2 eV).

If Cerenkov photons were detected with an average detection
efficiency of €=0.1 over this interval, N=4 photons would be
measured.

50 é 50; T
Few photons detected . 5 T
NN L
~>Important to havea .. — \S\
low noise detector
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Measuring the Cherenkov angle

aegcl
Cherenkov photqgg.;::;
XN ~::If:‘i'f:::x“ g
Tracking system (measures 2em 20em  photondetector
the direction of the particle)

Tracking system tells us where the particle hit
the radiator, and at which angle.

Use this information to calculate the Cherenkov
angle for each individual detected photon
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Upgraded COMPASS RICH-1: ~fong

Photon detector for the COMPASS RICH-1

similar concept as in the
HERA-B RICH

New features:

UV extended PMTs & lenses (down to
200 nm) - more photons

surface ratio = (telescope entrance
surface) / (photocathode surface) = 7

fast electronics with <120 ps time

resolution

Feb. 27, 2020

INSTR20
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HADES Upgrade

O Replace CsI-MWPCs with MaPMTs
» Hamamatsu H12700
> Same as for CBM-RICH
> Also share electronics

photon detector tank

A mapur B
O {+*_ CaF,window

PCB carrier
S—

DiRICH
—_—

Cherenkov. ==
photons = i
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Mirror alignment

Photon
Detectoj :

Gas radiator RICHes: large mirrors - tens of
segments > need relative alignment

] e Spherical mirror: 80
> _ hexagonal segments
I L M e Planar mirrors: 2x18
] P | rectangular segments

erical Mirrors

Photon Planar Mirrors
Detectors

- Bm

Aligning pairs of spherical and planar segments.

72w/l i AR Y - A e Misalignment: Cherenkov
ANl ‘- [t | angle depends on the

i | azimuthal angle around the
7K | track
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A8, [mrad]

Mirror alignment

Misalignment: Cherenkov angle depends on the

azimuthal angle around the track
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i

photons per 0.2 mra

Mirror alignment

g = . . "g S *‘[*— —_ S —
Initial mirror system alignment: . | |
with optical methods, theodolite. | ;

ol ‘ = T i N )if_ =
ST O

. . \
Alignment with data: tells you the /'r L » 1)

. = a |
ultimate truth... -

A > / > 1 4 /

. . | .‘
Combine all alignment data for all o Sy -\-Lj\{f
(possible) pairs of segments > | |
solve a system of linear equations al Y] ol |

b e il —_ J}_ s
/\ 3 . |
J' 1 Clear improvement in
/o ﬂ ; Cherenkov angle resolution
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Entries 2459
Mean 20.52
RMS 172.2
x? / ndf 50.12/28
Constant 411.8 + 14.7
Mean -38.43 + 1.35
Sigma  41.77 +1.48
Constant2 53.75 + 5.29
Mean2 70.31+ 8.59

Sigma2 132.7 £ 5.7

Orrs = 42ps

AN

B0~ 0

500
time (ps)

1000 1500

TOP R+D areas

e \Very fast photosensors for operation in 1.5 T field (MCP PMTs)
e R+D to mitigate aging of photocathodes in MCP PMTs (ALD)

Typical examples of each type

relative QE

Conventional

(XM0267)

E - Life-extended ALD
= (YH0205)
o |

0'9: (KT0074)

S R R PN ey o e 5 e 175
0.7H Aging studies
0.6[1.0 156, | | | 29.4.

0 5 10 15 20 25 30

accumulated output charge (C/cm®)

e \ery fast and compact readout electronics with waveform sampling for a

precise time measurement

9

e Production of large quartz pieces, construction of modules, mechanics

and installation methods
Analytic expressions for the very complex 2D likelihood functions.
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ARICH photo sensor: HAPD

* HAPD — Hybrid Avalanche Photo-Detector

\\ i # of channels 144 (36-ch APDx4)
i \ u window
y quartz Total gain >60000 (1500 x 40)
HV e n Peak QE ~30%
3 KV pixel APD 0 , o
/ 3 Active area 64%
bias Tem > S
320V) T ' ¥

e 420 modules to cover the detector plane
~ Average QE of installed HAPDs

100 g
3 38 W
a
36
50
34
5. 0 32
>
30
-50 28
26
-100




ARICH read-out electronics

. In total ~60k channels

» Limited space of 5cm behind HAPDs

Front-end Board
4x ASIC (SA03)

FPGA
or hit detect.
DAQ,
monitoring
(Spartan6)

Preamp Shaper Comparator

Merger Board

- Collects hit data from
FPGA
56 F.EB.s (Virtex5)
- Send to DAQ system.

Belle2Link trigger

 Variable gain (3.1-12.5 V/pC),
shaping time (100-200 ns)

— optimization for
increased noise levels
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MCP PMT: processes involved in photon detection

Parameters used:
. U=200V
« =6 mm (K-MCP) YN

E =18V
«m_=311keV/c?
e, =1610"As

.......................

.....................

| M\\\\\\\\\\\}ﬁ\\\\\\i\\\\\\\\\\\\\ AT A R W
/ W H TR

; J.}f"ll \”,#,

Photo-electron: Backscattering: Charge sharing

ed, .. ~08mm .d _ ~12mm

ot,~1.4ns o 0~ 2.80NS
« At, ~ 100 ps

Internal-reflection




COURES

MCP PMT timing

70%

e

in

1 l L I L I '] l ']
=500 ] a0 Tonn f500 2000 2500 30010

TDC |ps]
Feb. 27, 2020 INSTR20

Tails understood (scattering of
photoelectrons off the MCP), can
be significantly reduced by:

e decreased photocathode-MCP
distance and

eincreased voltage difference

» prompt signal ~ 70%
 short delay ~ 20%
* ~ 10% uniform distribution

Peter Krizan, Ljubljana



MCP PMT: sensitivity

I

Number of detected hits on

individual channels as a
‘ function of light spot position.
B
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In the presence of magnetic field, charge sharing and cross talk due to
long range photoelectron back-scattering are considerably reduced.
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Photon detector with SiPMs
and light guides
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I Nakamura,

Radiation damage

JPS meetlng Sep. 2008

before irrad.

fer

800 umn . :
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! ;
i 9 2
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Expected fluence at 50/ab at
Belle II: 2-20 101 n cm

- Worst than the lowest line

—->Very hard to use present SiPMs as single photon detectors in Belle II
because of radiation damage by neutrons

- Also: could only be used with a sofisticated electronics — wave-form

Sd

mpling
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First generation of RICH counters

DELPHI, SLD, OMEGA RICH counters: all employed wire chamber based
photon detectors (UV photon - photo-electron = detection of a

single electron in a TPC)

UV photon
| photo-electron

\ .

»

TPC

Q.E. (%)
3
|

Photosensitive component:
TMAE added to the gas mixture “

20

130 140 150 160 170 180 190 200 210 220
wavelength (nm)
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Fast RICH counters with wire chambers

Multiwire chamber with
cathode pad read-out:
- short drift distances,

fast detector

0.5 mm

signal

Photosensitive component:

ein the gas mixture (TEA):
CLEOIII RICH

e0r a layer on one of the cathodes
(CsI on the printed circuit cathode
with pads) HADES, COMPASS,
ALICE

/J UV photon

' quartz window

Works in high magnetic field!

¢
1
S

n

photoslectron

/ @ cathode wires (50micron

anode wires (15micron)

< 0. 5micron Csl
cathode with pads

e |

/\TEA T

/ ¥

-,

.,

.

0 - T
130 1400 150 160 170 180 194 200 210 20

wenvelength ()



CERN Csl deposition plant

Thickness 3§
Photocathode produced with a well monitor
defined, several step procedure, with
CsI vaccum deposition and
subsequent heat conditioning

Remote controlled
enclosure box

Erﬁéiwv 4 Csl sources
+ shutters

Feb. 27, 2020 INSTR20 Peter Krizan, Ljubljana



. The largest scale (11 m2) application
ALICE RICH = HMPID of CsI photo-cathodes in HEP!

Six photo-cathodes per module

CsI photo-cathode is segmented
in 0.8x0.84 cm pads




Transition radiation detectors

Performance: pion efficiency (fake prob.)
- vs electron efficiency

l I l |

Example:

Radiator: organic foam 1
between the detector 5
tubes (straws made of

capton foil)

Pion efficiency

Tigh —D.E>15B:t0.0m5//

-——
T =

b
=
=
|
b 'd
A
-

beam

‘D L L 1 L L 1 1 L
0.5 0.5 06 085S 0.7 0.7% Q.8 0.85 2.9 0.95 1
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Transition radiation detectors - peformance

O KEK
0.1k A UA2
T F ¢ H.Butt et al.
- & DO
: * M.Holder et al.
- * H.Weidkamp
L ¥ H.Gr ssler et al.
% i ATLAS
5 0,011 @ NOMAD
t= : & AMS
E [ O ALICE
S [ O PAMELA
s ® NA34 (HELIOS)
[ ® C.Fabjanetal.
A R 806
0.00l = v A Biingener et al.
- O ZEUS
] | I | | | | 1 ! +

| |
10 20 50 100 200
Total detector length (cm)

Performance: pion efficiency (fake prob.) vs detector length
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ATLAS TRT

Radiator: 3mm thick layers made of polypropylene-polyethylene fibers with
~19 micron diameter, density: 0.06 g/cm3

Straw tubes: 4mm diameter with 31 micron diameter anode wires,
gas: 70% Xe, 27% CO,, 3% O.,. Radiator Sheets

/- Tension Plate

TRT module /

High Voltage Plate -
i

Electronics
Protection Board /

CLE)
UL

|
— Divider

K Py ‘. - Straws
S
\\\ Straw Endplug

Wire Support

\ Capacitor Barrel
- Capacitor Assembly

na



TRT: pion-electron separation

e )\ o r fake probability at 90% e
oA T efficiency
- iy . T Frrrrr e
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Identification of charged particles

Particles (e, u, «, K, p) in the final state are identified by their mass or by
the way they interact.

Determination of mass: from the relation between momentum and
velocity, p=ymv (p is known - radius of curvature in magnetic field)

—->Measure velocity by:

e transition radiation
Mainly used for the identification of hadrons.

Identification through interaction: electrons and muons
* muon systems
e calorimeters
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Identification with the dE/dx

8 _ “*E 25 T K: '; P
cﬁé“ g: H, liquid = a
o 4 E
%
2 3F
= L
o B
™~ i
S 2F k
> 27
1_ | POLROO  § JVIINE f PANAL § T HEESE 1 0 ]HI -
0.1 1.0 10 100 1000 10000
By = p/Mc ;
dE/dx is a function of velocity |
For particles with different mass the 0.1 03 1.0 3 10
Bethe-Bloch curve gets displaced p(GeV/c)

if plotted as a function of p

For good separation: resolution should be ~5%
Measure in each drift chamber layer — use truncated mean

L ekl A i TR TR VIR Tl I\ IaUl ) U Ul



Identification with dE/dx measurement

ap

Problem: long tails (not Gaussian!)

04 -

FAN 1 keV)

Energy loss distribution for
particles with Sy=3.6 traversing
1.2 cm of Ar gas (solid line).

/
.0 v

[\
3:- .\‘x

Parameters describing A 4) are

A,(x;By) : the most probable energy loss = the position of the maximum

at 1371 eV, and

W : the full-width-at-half-maximum (FWHM) of 1463 eV. The mean energy

loss is 3044 eV.
Dotted line: the original Landau function.

—->Many samples along the track (~100 in ALICE TPC), remove the largest
~40% values (reduce the influence of the ling tail) > truncated mean

- Hans Bichsel: A method to improve tracking and particle identification in TPCs

and silicon detectors, NIM A562 (2006) 154



Identification with dE/dx measurement

dE/dx performance in the STAR TPC

= 2.51 5
o o
> L
[«})
5 -
v’ 2_ N TR R R R R R R, T
5 “F
= [
gold-gold I
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1 .................
0.5F
l_ ;;:ET—:I _— I—I:ui 1 1 1 1 I 1 1 1 1 ] 1 1 1 1 | 1 1 1 1
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log.  p/q (GeVic)

Energy loss in the STAR TPC: truncated mean as a function of
momentum. The curves are Bichsel model predictions.
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dE/dx in ALICE

ALICE performance
" work in progress

o
o

Pb+Pb @ sqrt(s) = 2.76 ATeV

TPC signal (a.u.)
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o
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o
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